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(54) ELECTRONIC APPARATUS WITH AZIMUTH METER AND AZIMUTH MEASURING METHOD IN 
THIS ELECTRONIC APPARATUS 



(57) An electronic apparatus with an azimuth meter, 
which is capable of measuring an accurate azimuth and 
of being miniaturized even if one or a plurality of mag- 
netized member(s) Ibr generating a magnetic field 
exist(s), is provided. 

Magnetic screen 10 and 11a for shielding an azi- 
muth sensor from a magnetic field generated from a 
battery 3 and a stepping motor 4. Moreover, when the 
stepping motor 4 rests, an azimuth is measured, and 
rotor rest time and a direction of the magnetic field gen- 
erated from a rotor 4b are predicted based on rotor rota- 
tion starting time and a direction of a driving current 
flowing through a coil 373. and the measured azimuth is 
corrected according to the predicted result. 
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Description 
TECHNICAL FIELD 

s [00011 The present invention relates to an electronic apparatus with an azimuth meter having an azimuth sensor for 
electrically detecting the earth magnetism and a battery for driving respective drive units, which is capable of measunng 
an accurate azimuth and capable of being miniaturized, and relates to an azimuth measunng method in the electronic 
apparatus. 

10 BACKGROUND ART 

[00021 In recent years, there are some electronic apparatuses which are capable of measuring an azimuth easilyi 
As one example of such the electronic apparatuses, an overall view of a digital electronic wrist watch with the azimuth 
meter which is on a market is shown in Fia 12. 
rs [0003] The digital electronic wrist wateh 130 with an azimuth meter includes an azimuth measunng button 132 
which is operated when an azimuth is measured, a liquid crystal display panel 131 having a magnetic north mark 134 
for indicating the magnetic north and a 16 compass points display section 135 for displaying an azimuth of the 16 a>m- 
pass points which matches with a twelve o'clock direction of the electronic wrist watch 130. an azimuUi sensor 133 for 
electrically measuring an azimuth from the earth magnetism, and an azimuth register ring 136 which can be rotated 
so with respecttothe liquid crystal display panel 131. 

[0004] When the azimuth measuring button 1 32 is pushed, the magnetic north is measured by the azimuth sensor 
133 and the magnetic north is indicated on the liquid crystal display panel 131 by the magnetic north mark 134 in about 
one'second H/loreover. the direction of the twelve o'clock of the electronic wrist watch 130 (NNE in FIG. 1 2) is displayed 
on the 16 compass points display section 135. When the azimuth register ring 136 is rotated and the N (north azimuth) 
25 136a is matched with the magnetic north mark 134, an azimuth can be grasped at will. 

[0005] However, in the electronic apparatus with the azimuth meter having a battery and one or a plurality of drive 
units driven by the battery, a magnetic f ieW generated from the battery and a driver such as a stepping motor disturbs 
the earth magnetism around the azimuth sensor, and thus it is diff icult to measure the accurate azimuth. 
[0006] In order to solve such a problem, the devised position for providing position of the battery is suggested, but 
the position of the battery is limited. Also since the battery is separated from the azimuth sensor as far as possible, a 
circuit substrate becomes larger. As a result, the electronic apparatus cannot be miniaturized. 
[00071 Further since a rotor made of a permanent magnet of the driver such as the stepping motor is rotated, a 
magnetic field changes complicatedly. and when a plurality of the stepping motors are provided, the magnetic field 
becomes more complicated so that the correction becomes difficult As a result, an accurate azimuth cannot be meas- 
ured When indication of an azimuth is displayed on a liquid crystal display shown in FIG. 12. it is not necessary to pro- 
vide a stepping motor for moving an azimuth needle. However, it is difficult to see the liquid aystal display due to a 

foOTB]"' °' tt is olbfect of the present invention to provide an electronic apparatus with the azimuth meter having an 
azimuth sensor for electrically detecting the earth magnetism which is capable of measuring an accurate azimuth even 
if one or a plurality of magnetized member(s) for generating a magnetic field exist{s). and which is easy-to-watch and 
can be miniaturized by relieving a limit of a providing position of the magnetized member fOr generating strong magnet- 
ism such as a magnetized battery and stepping motor, and to provkJe an azimuth measuring method in the electronic 
apparatus with ttie azimuth meter. 
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45 DISCLOSURE OF THE INVENTION 

[00091 m an electronic apparatus with an azimuth meter according to the present invention having an azimuth sen- 
sor for electrically delecting the earth magnetism, a magnetic screen for blocking off the azimuth sensor from a mag- 
netic field is provided around a magnetized member provided in the electronic apparatus with an azimuth meter, so that 
so an accurate azimuth can be measured. 

[00101 The magnetized member" is a member which is easily magnetized by external magnetism as well as a 
member magnetized by external magnetism and a member having a magnet, and it includes a driver such as a motor 
having a battery and a magnet. 

[001 1 1 In addition, a limit of the providing position of the magnetized member can be relieved, and the electronic 
55 apparatus with an azimuth meter which is provided with an azimuth needle and is easily seen can be obtained. 

[00121 In addition an electronic apparatus with an azimuth meter according to the present invention, which includes 
an azimuth sensor for electrically delecting the earth magnetism and a driver having a rotor composed of a permanent 
magnet and a coil for driving the rotor, is provided with an azimuth sensor for measuring an azimuth when the driver 
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rests, time detecting means for detecting the rotation starting time of the rotor, rotor magnetic field predicting means for 
predicting rest time of the rotor and an azimuth of a magnetic field generated from the rotor from a rotating starting sig- 
nal detected by the time detecting means and a direction of a driving current flowing through the coil, and correcting 
means for correcting the measured azimuth according to the predicted result. 
5 [0013] As a result, the correction can be made according to a change in a magnetic pole with the rotation of the 
rotor, and thus an accurate azimuth measured azimuth can be always obtained. 

[0014] Further, in an azimuth measuring method of an electronic apparatus with an azimuth meter according to the 
present invention, the electronic apparatus including an azimuth sensor for electrically detecting the earth magnetism, 
a battery for driving respective drive units and a driver positioned in the drive units having a rotor made of a permanent 

10 magnet and a coil for driving the rotor, the azimuth measuring method, includes the steps of: measuring an azimuth by 
driving the azimuth sensor when the driver rests; predicting rest time of the rotor and a direction of a magnetic field gen- 
erated from the rotor based on rotation starting time of the rotor and a direction of a driving current flowing through the 
coil; and correcting the measured azimuth according to the predicted result. As a result, the correction can be made 
according to a change of the magnetic pole with the rotation of the rotor, and an accurate azimuth measured azimuth 

IS can be always obtained. 

[0015] In addition, an electronic apparatus with an azimuth meter according to the present invention, which has an 
azimuth sensor for electrically detecting the earth magnetism and a driver having a rotor composed of a permanent 
magnet and a coil for driving the rotor, is provided with the azimuth sensor measuring an azimuth when the driver rests; 
time detecting means for detecting rotation starting time of the rotor; predicting means for predicting rest time of the 

20 rotor from a rotation starting signal detected by the time detecting means; and conrecting means for correcting the 
measured azimuth. As a result, an accurate azimuth measured azimuth can be always obtained. 
[0016] Further, in an azinruith measuring method of an electronic apparatus with an azimuth meter according to the 
present invention, the electronic apparatus including an azimuth sensor for electrically detecting the earth magnetism, 
a battery for driving respective drive units and a driver positioned in the drive units having a rotor made of a permanent 

25 magnet and a coll for driving the rotor, the azimuth measuring method, includes the steps of: measuring an azimuth by 
driving tiie azimuth sensor when the driver rests; predicting rest time of tiie rotor based on rotation starting time of tiie 
rotor; and conrecting the measured azimuth. As a result, an accurate azimuth measured azimuth can be always 
obtained. 

[0017] In addition, an electronic watch with an azimuth meter according to tiie present invention, which has an azi- 
30 muth sensor for electrically detecting the eartii magnetism and a driver having a rotor composed of a permanent mag- 
net and a coil for driving the rotor, is provided with the azimuth sensor measuring an azimuth when the driver rests; 
:^ means for returning a time hand or a function hand driven by tiie driver to a predetermined position; and correcting 
means for correcting the measured azimuth. As a result, an accurate azimuth measured azimuth can be always 
obtained. 

35 [0018] Further, in an azimuth measuring method of an electronic watch with an azimuth meter according to tiie 
present invention, the electronic apparatus including an azimuth sensor for electrically detecting the earth magnetism, 
a battery for driving respective drive units and a driver positioned in tiie drive units having a rotor made of a permanent 
magnet and a coil for driving the rotor, the azimuth measuring method, means for returning a time hand or function hand 
driven by the driver to a predetermined position Is provided, and an azimuth is measured by driving the azimutii sensor 

40 when tiie driver rests so tiiat tiie measured azimuth is corrected. As a result, an accurate azimuth measured azimutii 
can be always obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 [0019] 

FIG. 1 shows an electronic wrist watch with an azimuth meter according to a first embodiment of the present inven- 
tion, wherein (a) is a plan view and (b) is a sectional view taken along line l-l. 

FIG. 2 shows a second embodiment of the present invention, wherein (a) is a plan view of an analog electronic wrist 
50 watch with an azimuth meter and (b) is a sectional view taken along line 11-11 of (a). 

FIG. 3 is a block diagram of an electronic wrist watch according to a third embodiment of the present invention. 
FIG. 4 is a flow chart of an azimuth measurement display for explaining an azimutii measurement display method 
in the electronic wrist watch according the embodiment of FIG. 3. 

FIG, 5 is a block diagram of an elect-onic wrist watch according to a fourth enrtoodiment of the present invention. 
55 FIG. 6 is a flow chart of azimuth measurement display for explaining the azimuth measurement display method in 
the electronic wrist watch according to the fourth embodiment. 

FIG. 7 is a block diagram of an electi^onic wrist watch according to a fiftii embodiment of the present invention. 
FIG. 8 is a flow chart of the azimuth measurement display for explaining tiie azimuth measurement display method 
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in the electronic wrist watcli according to the embodiment of FIG, 7. 

FIG. 9 shows a sixth embodiment of the present invention. 

FIG. 10 Is an explanatory diagram of a structure of a stepping motor 

FIG. 1 1 is a graph showing a change in a rotor rotating angle with time after a pulse cun-ent is flowed. 
5 FIG. 1 2 is a diagram showing an overall view of a digital electronic wrist watch with an azimuth meter as one exam- 

ple of an electronic apparatus. 

BEST MODE FOR CARRYING OUT THE INVENTION 

10 [0020] Preferred embodiments of the present invention will be detailed below with reference to the drawings. Here, 
in the following description, an electronic wrist watch with an azimuth meter is exemplified as an electronic apparatus 
with the azimuth meter. 

[The first embodiment] 

IS 

[0021] FIG. 1 shows an electronic wrist watch with an azimuth meter according to the first embodiment of the 
present invention, wherein (a) is a plan view that the electronic wrist watch with the azimuth meter Is viewed from its 
rear side, and (b) is a sectional view taken along line I- 1 of (a). 

[0022] As is dear from FIG. 1. the electronic wrist watch 1 with the azimuth meter in this embodiment includes a 
20 watch module 5 having an azimuth sensor 2, a button type battery 3, a watch case 5a for storing the watch module 5 
therein, a windshield 8 fitted into the watch case 5a. a back 9 which is mounted to the rear surface of the watch case 
5a and is opened and closed when the battery 3 is replaced, and buttons 15, 16 and 17 which are operated when an 
azimuth is measured and the like. 

[0023] The azimuth sensor 2 for electrically detecting the earth magnetism is well known, and it is, for example, a 
25 thin flux gate type magnetic sensor which is disclosed in Japanese Patent Application Laid-Open No. Hei 9-43322 as 
-Feeble Magnetic Sensor and Manufacturing Method thereof". 
' [0024] In order to suppress an influence of a magnetic field generated by the magnetized battery 3 on azimuth 
measurement of the azimuth sensor 2. a magnetic screen 10 for blocking off magnetism is provided around the battery 
3. The magnetic screen 10 will be described below. 
30 [0025] Since the watch on the side of the back 9 is influenced by an external magnetic field from a short distance, 
it is preferable to mount the magnetic screen 10 to the back 9 using adhesive so as to surround the battery 3. The bat- 
tery 3 is preferably a button type, and it is more preferable to provide the magnetic screen 10 in contact with both upper 
and lower surfaces of the battery 3. In the case where the magnetic screen 1 0 is mounted to the back 9, when the back 
9 is removed upon an exchange of the battery, the magnetic screen 10 is simultaneously removed from the circumfer- 
35 ence of the battery 3. As a result, there is an advantage that the magnetic screen 10 does not disturb the exchange of 
the battery. 

[0026] It is preferable that the magnetic screen 10 is made of a material with high magnetic permeability such as 
PC permalloy The PC permalloy has very small coercive force of 10'^ Oe order, and the magnetized amplitude of the 
PC permalloy is very small and its magnetic permeability is high. For this reason, the battery 3 can be prevented from 
40 being magnetized by the external magnetic field. Moreover, even if the battery 3 is magnetized, a magnetic field gener- 
ated therefrom is blocked off, and thus an influence which is exerted on the earth magnetism in the vicinity of the azi- 
muth sensor 2 is made to be weak. Therefore, as shown in FIG. 1(a), even if the battery 3 is provided close to the 
azimuth sensor 2. the azimuth measurement by the azimuth sensor 2 is not disturbed. 

[0027] As mentioned above, since the battery 3 can be provided in an arbitrary position on a circuit substrate 12, 
45 the circuit substrate 12 can be miniaturized, and the watch module can be also miniaturized. 

[0028] The present invention is not limited to an analog type electronic apparatus, but it can be applied also to a 
digital type electronic apparatus. 

[The second embodiment] 

so 

[0029] FIG. 2 shows a second embodiment of the present invention, wherein (a) is a plan view that an analog elec- 
tronic wrist watch with the azimuth meter is viewed from its rear side, and (b) is a sectional view taken along line ll-ll in 
(a). 

[0030] As shown in FIG. 2, the analog electronic wrist watch 20 with the azimuth meter includes the azimuth sensor 
55 2 as an azimuth meter, a stepping motor 4 which comprises a coil 4a and a rotor 4b which is connected to a train wheel 
handling needles (not shown) and is rotatable, a watch module 6 having a button type battery 3. a watch case 6a for 
storing the watch module 6 therein, a windshield 8 which is fitted onto the surface of the watch case 6a. a back 9 which 
is mounted detachably to the rear surfece of the watch case 6a and is removed from the watch case 6a when the kHitton 
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type battery 3 is exchanged, and a crown 25 for setting time and the like, 

[0031] The azimuth sensor 2 is provided so as to be separated from the battery 3 as far as possible. Namely, it is 
preferable to provide the azimuth sensor 2 so that a distance LL between a center of a magnetic core 2a of the azimuth 
sensor 2 and a center of the battery 3 becomes longer than a distance LI between the center of the magnetic core 2a 
5 and a center of the rotor 4b of the stepping motor 4. 

[0032] A projected section 26 is formed in the watch case 6a in a opposite side of the battery storage portion for 
storing the battery 3 therein, and the azimuth sensor 2 is located inside the projected section 26 by a locating pin 2b so 
as to be f ixed therein. 

[0033] Besides the normal stepping motor 4 for handling a needle, one or a plurality of stepping mator(s) for driving 
10 additional functions such as a stop watch is (are) occasionally provided in the watch case 6a. Also in this case, the azi- 
muth sensor 2 is provided so as to be separated from the battery 3 as far as possible. The azimuth sensor 2 is provided 
so as to be separated from at least one of the stepping motor 4 for handling needles and the stepping motor for the addi- 
tional functions, preferably both the stepping motors. 

[0034] For example, when the analog electronic wrist watch 20 with the azimuth meter has the three stepping 
IS motors, experiments were made under the condition that a relationship of a distance between the azimuth sensor 2 and 
the stepping motor and the battery 3 was varied. As a result, when the distance LL was 22.5 mm and the distance L1 
between the azimuth sensor 2 and the stepping motor wNch was the closest to the azimuth sensor 2 was 8.7 mm. the 
most suitable result was obtained. 

[0035] The battery 3 is separated from the azimuth sensor 2 farther than the stepping motor 3 because when the 
20 electronic wrist watch 20 is exposed to an external magnetic field (normally, about 30 G, the earth magnetism is about 
0.3 G). the battery 3 which is made of a soft magnetic material with stronger coercive force is magnetized more easily 
than the stepping motor, and the influence of the magnetic field generated from the magnetized battery 3 which is 
exerted on the azimuth sensor 2 is greater than the influence of the magnetic field is generated from the stepping motor 
and which is exerted on the stepping motor. 
25 [0036] In addition, as the battery 3, a button type battery is more preferable than a coin type battery. The button type 
battery can avoid the approach of the stepping motor and the azimuth sensor in a plane, and thus can prevent the azi- 
muth measuremerrt from becoming impossible. 

[0037] As mentioned above, the inrpossibility of the azimuth measurement due to the magnetization of the battery 
3 and the stepping motor 4 can be avoided. In addition, when the magnetic screen is provided, the influence of the mag- 
30 ; netic field generated from the rotor 4b of the stepping motor 4 made of a permanent magnet and from the magnetized 
battery 3 can be further suppressed. The electronic wrist watch 20 in this embodiment includes a magnetic screen 1 1a 
^ for suppressing the influence of the magnetic field from the rotor 4b of the stepping motor 4 as well as the magnetic 
. screen 10 of the first embodiment. 

[0038] As shown in FIG. 2, the magnetic screen 1 1 a is provided between the stepping motor 4 and the azimuth sen- 
35 sor 2, and supports a circuit substrate 12a of the watch module 6. The magnetic screen 11a prevents the stepping 
motor 4 from being magnetized due to the external magnetic field, and shields the azimuth sensor 2 from the magnetic 
field of the magnetized stepping motor 4 and the magnetized rotor 4b so that the magnetic field does not influence the 
azimuth sensor 2. It is preferable that the magnetic screen 11a is made of a material whose magnetic permeability is 
lower than that of the magnetic screen 10 provided for the battery 3. such as an austenite stainless material so that the 
40 magnetic screen 1 1 a do not extract a magnetic flux of the rotor 4b of the stepping motor 4 strongly and thus the driving 
of the stepping motor 4 is not dlstuit>ed. 

[The third embodiment] 

45 [0039] A third emtxxiiment of the electronic wrist watch will be described below. 

[0040] In the first and second embodiments, the object of the present invention that the azimuth is measured accu- 
rately by the azimuth sensor 2 is achieved by mechanical means, such as providing the magnetic saeens 10 and 11a 
and modifying the positions of the stepping motor 4 and the battery 3. In this embodiment, the azimuth is measured 
accurately by electrical correction. 

so [0041 ] FIG. 3 is a block diagram of an electronic wrist watch according to the third embodiment of the present inven- 
tion. 

[0042] As shown in FIG. 3, an analog electronic wrist watch 30 with the azimuth meter includes the azimuth meter 
50. a watch circuit (electronic circuit) 40. a stepping motor 37 for displaying time, watch hands having a second hand 
35a. a minute hand 35b and an hour hand 35c. and which are driven by the stepping motor 37 via a train wheel 39. a 
55 stepping motor 36 for displaying Uie magnetic north, an azimuth needle 34 which is driven by the stepping motor 36 via 
a train wheel 38. an azimuth measuring button 32 which is operated when the azimuth is measured, and an azimuth 
register ring 33. 

[0043] As shown in FIG. 10. the stepping motor 37 is a plane-shaped stepping motor having a rotor 37a composed 
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of a bipolar permanent magnet, a bipolar staler 371 provided around the rotor 37a. a coil 373 provided on the stator 
371 . The stepping motor 37 is generally called (Lavet type) stepping motor. 

[0044] The rotor 37a has two rotor stop positions 374 and 375. When a direction of a pulse current flowing through 
the coil 373 is changed so that a direction of a magnetic field generated from the coil 373 is changed, the rotor 37a is 
accordingly Inverted, and stops with the N pole is pointed to the stop position 374 or 375. Here, the same constitution 
is applicable to the stepping motor 35. 

[0045] The azimuth meter 50 connprises an azimuth sensor 51 , exciting means 53 for exciting the azimuth sensor 
51 . and detecting means 52 for outputling azimuth data EX and EY based on azimuth outputs DX and DY outputted by 

the azimuth sensor 51 . 

[0046] The watch circuit 40 Includes a driver 46 for driving the stepping motor 37 for displaying time, time display 
pulse generating means 43 for outputting a time display pulse H to the driver 46. time azimuth function control means 
41 for transmitting a signal F to the time display pulse generating means 43 and making the time display pulse gener- 
ating means 43 output a pulse H to the driver 46, magnetic north display pulse generating means 44 for generating a 
magnetic north display pulse N for displaying the magnetic north based on the detected result of the azimuth sensor 51 , 
and return-to-zero signal generating means 49. connected with the train wheel 38, for checking return-to-zero of the azi- 
muth needle 34 and outputting a return-to-zero signal L. 

[O047] The magnetic north display pulse generating means 44 outputs a magnetic north pulse N to the driver 45 
based on a signal from the time azimuth function control means 41 and the azimuth data EX and EY outputted by the 
detecting means 52 of the azimuth meter 50. Moreover, a return-to-zero signal L is inputted from the return-to-zero sig- 
nal generating means 49 to the magnetic north display pulse generating means 44. 

[0048] In addition, the driver 46, which has time detecting means for detecting the rotation starting time, outputs a 
signal J representing the rotation starting time of the rotor 37a and a direction of a driving cun-ent to rotor magnetic field 
predicting means 42a based on a signal I from the time azimuth function control means 41 . The rotor magnetic fleki pre- 
dicting means 42a predicts rest time and rest position of the rotor 37a based on the signal J. 

[0049] Furthermore, offset values X and Y which are composed of offset values XI and Y1 due to a rotor leakage 
magnetic f ieW and peculiar offset values X2 and Y2 owned by the azimuth sensor 51 . and a sensitivity ratto (X/Y) which 
is a ratio of sensitivity Y and Y of the azimuth sensor 51 are stored in memory means 41 a. 

[0050] The rotor 37a of the stepping motor 37 for displaying time has two rest positions 374 and 375. and the rotor 
36a of the stepping motor 36 for displaying the magnetic north has one rest position at the time of return-to-zero. As a 
result, two combinations of the magnetic poles exist. For this reason, two combinations of the offset values X and Y and 
the sensitivity ratio (X/Y) are prepared according to two combinations of the magnetic poles of the stepping motors 36 
and 37. 

[0051] Here, the offset values X and Y and the sensitivity ratio (X/Y) are stored in the memory means 41a previ- 
ously when the electronic wrist watch is manufactured. 

[0052] FIG. 1 1 is a graph showing a change in the rotor rotating angle with time after the pulse current is flowed. It 
requires certain time that the rotor 37a starts to rotate from the state that the N pole is in the rotor stop position 374, for 
example, and rotates through ISO** and the N pole reaches the rotor stop position 375 and rests stably. In the electronic 
wrist watch, the pulse cun'ent is flowed per 1 second, and the rotor 37a rotates through 180* per 1 second. In the exam- 
ple shown in the graph of FIG. 1 1, it takes at)out 0.1 second that the rotor 37a starts to rotate and rests stably. 
[0053] Since a magnetic pole direction of the permanent magnet of the rotor 37a is changed according to the rota- 
tion of the rotor 37a, the leakage magnetic field which disturbs the earth magnetism around the azimuth sensor 51 is 
also changed according to the rotation of the rotor 37a. This leakage magnetic field becomes stable when the rotor 37a 
rests completely. 

[0054] Therefore, when an azimuth is measured by the azimuth sensor 51 in the state that the rotor 37a rests stably, 
correction can be made by using two sets of con-ection values in the state where the N pole faces the rotor stop position 
374 and in the state where the N pole feces the rotor stop position 375. 
[0055] This will be described concretely. 

[0056] When the rotor 37a rests stably in a state that connection is not made, the azimuth data of the azimuth sensor 
51 are assumed as EX and EY. Values of the azimuth data EX and EY in the magnetic field of zero are determined as 
offset values X and Y. The offset values X and Y include offset values XI and Y1 obtained from the rotor leakage mag- 
netism and peculiar offset values X2 and Y2 owned by the azimuth sensor 51 . 

[0057] The offset values X and Y are constant in the state that the N pole of the rotor 37a feces the rotor stop posi- 
tion 374 and rests stably. Moreover, the offset values X and Y are constant even in the state that the rotor 37a is inverted 
and the N pole faces the rotor stop position 375 and rests stably. Therefore, the sensitivity ratio (X/Y) is also constant 
in the state that the rotor 37a rests stably. 

[0058] Accordingly, when the offset values X and Y are subtracted from the azimuth data EX and EY of the azimuth 
sensor 51 and the sensitivity ratio (X/Y) is corrected, the shift due to the influence of the rotor leakage magnetic field on 
the earth magnetism and a peculiar shift of the azimuth sensor 51 can be corrected. 
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[0059] A calculating method of the offset values X and Y will be described below. 

[0060] At first, the stepping motor 36 for displaying the magnetic north is driven based on a signal A from the time 
azimuth function control means, and the azimuth needle 34 is returned to zero. The rotor 36a of the stepping motor 36 
for displaying the magnetic north rests in a position where the azimuth needle 34 returns to zero. 
5 [0061] Next, a rest position of the rotor 37a of the stepping motor 37 for displaying time is predicted based on the, 
signal J outputted from the driver 46, 

[0062] At this time, while magnetic fields corresponding to the earth magnetism are applied to X, -X, Y and -Y axial 
directions of the azimuth sensor 51 by using a earth magnetism simulation apparatus, not shown, the azimuth meter 50 
is driven by the signal B from the time azimuth function control means 41. The azimuth data EX and BY are inputted 
10 from the azimuth meter 50 to the time azimuth function control means 41 . The offset values X and Y are obtained from 
the azimuth data EX and BY according to the following equations. 

Offset value X = (EX(X) + EX(-X)) / 2 (equation 1 ) 

IS Offset value Y = {EY(Y) + EY(-Y)) / 2 (equation 2) 

[0063] Here, EX(X) is azimuth data at the time of applying a magnetic field to the X axis, and EX(-X) is azimuth data 
at the time of applying the magnetic field to the -X axis, and EY(Y) is azimuth data at the time of applying a magnetic 
field to the Y axis, and EY(-Y) is azimuth data at the time of applying a magnetic field to the -Y axis. 
20 [0064] A method of obtaining the sensitivity ratio (X/Y) will be described below. 

[0065] The azimuth data EX and EY are corrected according to the following equations, and the sensitivity ratio 
(X/Y) is obtained from the corrected azimuth data EX and EY. 

[0066] At first, the sensitivity ratio (X/Y) is obtained in the state that the N pole of the rotor 37a faces the rotor stop 
position 374 and the rotor 37a rests stably 

25 

EX(X) = EX(X) - offset value X (equation 3) 

EY(Y) = EY(Y) - offset value Y (equation 4) 

30 Sensitivity ratio (X/Y) = EX(X) / EY(Y) 

[0067] Here, in the equations 3 and 4. the results of subtracting the offset values X and Y from EX(X) and EY(Y) 
are defined as EX(X) and EY(Y). 

[0068] Next, the stepping motor 37 for displaying time is driven based on the signal F. and the rotor 37a Is inverted. 

35 The rotor magnetic field predicting means 42a predicts a rest position of the rotor 37a from the signal J outputted from 
the driver 46. and outputs the signal K to the time azimuth function control means 41. The offset values X and Y and 
the sensitivity ratio (X/Y) are obtained in the same manner as the above in the predicted rest position. 
[0069] Two sets of the offset values X and Y and the sensitivity ratios (X/Y), which correspond to the combinations 
of the rest positions 374 and 375 of the rotor 37a of the stepping motor 37 for displaying time obtained in each of the 

40 rotor stop positions 374 and 375 and the rest position of the rotor 36a of the stepping motor 36 for displaying the mag- 
netic north at the time of return-to-zero, are stored in the memory means 41a by the time azimuth function control 
means 41 . 

[0070] In the present embodiment, since there are one rotor rest position for the rotor 36a of the stepping motor 36 
for displaying the magnetic north and two rotor rest positions (374, 375) for the rotor 37a of the stepping motor 37 for 
45 displaying time, the total number of combinations of the magnetic poles are two. Therefore, averages of the offset val- 
ues and the sensitivity ratios are obtained according to a number of combinations of the magnetic poles (in the present 
embodiment, two), and the averages are used for the correction. In this case, an average of the measured azimuths in 
these combinations is corrected. 

[0071] As a result, in the case where a plurality of stepping motors exist, for example, it is not necessary to detect 
so or predict as to directions that the magnetic poles of the stepping motors face, and the measured azimuths can be cor- 
rected by using single or small number of correcting values. For this reason, the above method is advantageous. 
[0072] A display method of azimuth measurement in the electronic wrist watch will be described below according 
to the emlxxJiment of FIG. 3 by using the flow chart of the azimuth measurement display in FIG. 4. 
[0073] At first, when the azimuth measuring button 32 is pushed (step 2) in the state that time Is displayed (step 1) 
55 In the analog electronic wrist watch 30 with the azimuth meter, an azimuth is started to be measured. 

[0074] The time azimuth function control means 41 outputs an azimuth needle retum-to-zero acknowledge signal 
A to the magnetic north display pulse generating means 44. The return-to-zero signal generating means 49 outputs a 
return-to-zero signal L via the train wheel 38 to which the azimuth needle 34 is mounted. 
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[0075] The magnetic north display pulse generating means 44 confirms as to whether or not ^f'^^''}-^-^"'^^- 
nal L outputted from the return-to-Zero signal generating means 49 corresponds to retum-to-zero of tt^^ "^"J 
34 (step 3). When the return-to-zero signal L does not represent the return-to-zero state, the magneto north display 
pulse generating means 44 outputs a return-to-zero pulse G to the driver 45 so that the 

sents the return-to-zero state, and drives the stepping motor 36 for displaying the magnetic north so as to return the 
azimuth needle 34 to zero (step 4). „^ w ■ 

r00761 The signal J representing the rotation starting time and of the rotor 37a of the stepping motor 37 lor display- 
ing time and a direction of the driving current is inputted from the driver 46 into the rotor magnetic field predicting meare 
42a based on a rotor magnetic field predicting signal I from the time azimuth function control means 41 A rotor rest 
position (for example, rotor rest position A in FIG. 1 1 ) and a rotor rest time are predicted ^^'^^^^^^'^J^ ^ 
where the rotor rotating angle of the rotor 37a changes with time for one second as shown in FIG. 1 1 . for exan^e. aitoi- 
trary time in a range of 0.1 second to 1 second is added to the rotation starting time of the rotor 37a so that the rotor 

[TOTtT '^-m^eJposition of the rotor 37a and its time signal K are outputted to the time azimuth function control 

(oSm M mistime, the time azimuth function control means 41 outputs an azimuth sensor exciting signal B to the 
azimuth meter 50. As a resutt. the azimuth sensor 50 is excited (step 6). and the azimuth meter 50 starte to measure 
an azimuth. The detecting means 52 outputs two azimuth data EX and EY. which correspond tooutpu^volte^^^^ 

DY in X and Y axial directions in an X-Y plane where the azimuth sensor 51 measures an azimuth, to the magnetic north 
display pulse generating means 44 (step 7). .. „ ■ v -i v 

100791 The magnetic north display pulse generating means 44 subtracts a signal M of all the offset values X and Y 
composed of the rotor leakage magnetic field offset values XI and Y1 from the stepping motor 37 for displ^ng time 
and *e stepping motor 36 for displaying the magnetic north, and the peculiar offset values and Y2 owned by the 
azimuth sensor 51) outputted from the time azimuth function control means 41 from the azimuth data EX and EY cor- 
responding to the two azimuth sensor output voltages DX and D/ according to the foUowing equations so as to obtain 
the corrected azimuth data EX and EY. 

EX = EX - offset value X (equation 5) 

EY = EY- offset value Y (equations) 

[0080] Here, in the equations 5 and 6. the results of subtracting the offset values X and Y from EX and EY are 

[M8lT Furthermore, the sensitivity ratio QUY) is multiplied by EY corresponding to the azimuth sensor output vo»- 
age DY accorefing to the following equation so that corrected azimuth data EX and EY are obtained. 

EX = EX (equation 7) 

EY-EYxsensitiviV ratio (X/Y) (equations) 

[0082] Here, in the equations 7 and 8. EX and EY are multiplied by the sensitivity ratio (X^O. and the results are 

[MO? SmlSi^le data (6) is calculated from the corrected two azimuth data EX and EY according to the follow- 
ing equation (step 8). 

e = arclan (EY/EX) (equation 9) 

[00841 When the magnetic north display pulse N is derived from the azimuth angle data and the magnetic north dis- 
play pulse N is outputted to the driver 45, the stepping motor 36 for displaying the magnetic north is driven. The rotor 
36a of the stepping motor for displaying the magnetic north 36 makes the azimuth needle 34 display the magnetic north 

via the train wheel 38 (step 9). ^ * .u ^-^ 

[0085] When the azimuth measuring button 10 is again pushed (step 11) within time t (step 10) that the magneto 
north display time is previously set. the time azimuth function control means 41 outputs the magnetic needle return-to- 
zero signal A to the magnetic north display pulse generating means 44. and the magnetic north display pulse generat- 
ing means 44 outputs the return-to-zero pulse Q to the driver 43. As a result, the stepping motor 36 for displaying the 
magnetic north is driven, and the azimuth needle 34 is returned to zero via the train wheel 4 (step 12). 
[0086] When the magnetic north display time exceeds t (step 1 0). the time azimuth function control means 41 out- 
puts the azimuth needle retum-to-zero signal A to the magnetic north display pulse generating means 44. 
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[0087] The magnetic north display pulse generating means 44 outputs the return-to-zero pulse G to the driver 45, 
and the stepping motor 36 for displaying the magnetic north is driven so as to return the azimuth needle 34 to zero via 
the train wheel 4 (step 12). 

[0088] The azimuth measurement is ended here (step 13). 
5 [0089] According to the above-mentioned azimuth measuring method of the present invention, an azimuth is meas- 
ured without stopping the second hand tn the analog electronic wrist watch with the azimuth meter so that the magnetic 
north measured by the azimuth needle can be displayed. Since display of time is not disturbed when an azimuth is 
measured and the magnetic north is displayed, the analog electronic wrist watch with the azimuth meter can be seen 
and used easily. 

10 

[The fourth embodiment] 

[0090] FIG. 5 is a block diagram of an electronic wrist watch according to a fourth embodiment of the present Inven- 
tion. 

15 [0091] In the third embodiment of the present invention shown in FIG. 3. the rotor magnetic field predicting means 
42a predicts the rest time and rest position of the rotor 37a based on the signal J outputted from the driver 46 of the 
watch circuit 40. However, in the present embodiment, a predicting means 42b predicts only rest time of a rotor 37a 
based on a signal J outputted from a driver 46. Since the other portions are the same as those in the third embodiment, 
detailed description thereof is omitted. 

20 [0092] An azimuth measurement display method in the electronic wrist watch will be described below according to 
the embodiment shown in FIG. 5 with reference to the flow chart of the azimuth measurement display in FIG. 6. 
[0093] The description will be given as to only a point in the flow chart of the azimuth measurement display of FIG. 
6 different from that in the flow chart of the azimuth measurement display of FIG. 4. 

[0094] In the fourth embodiment of the present invention, rotor rest time is predicted by the predicting means 42b, 
25 but a rotor rest position is not predicted. For this reason, azimuths are measured for respective rotor rest positions until 
count N shown in FIG. 6 (step 7a). A rotor 36a of a stepping motor 36 for displaying the magnetic north rests in a posi- 
tion where a azimuth needle 34 returns to zero (step 3). 

[0095] Meanwhile, a stepping motor 37 for displaying time handles a second hand 35a. a minute hand 35b and a 
hour hand 35c. There exists two rest positions of the rotor 37a of the stepping motor 37 for displaying time as described 

30 with reference to FIG. 10. Therefore, in the present embodiment, the count N becomes two. Namely, an azimuth is 
measured twice at the time that the rotor 37a rests twice while it rotates and rests in two steps. 
: [0096] The azimuth measured azimuths will be described below. 
[0097] At first two azimuth data EX and EY con-esponding to the two rest positions of the rotor 37a of the stepping 
motor 37 for displaying time are averaged so that an average of the azimuth data EX and EY is obtained. 

35 [0098] Averages of offset values of the azimuth data EX and EY corresponding to the two rest positions of the rotor 
37a of the stepping motor 37 for displaying time, namely, an average of the offset value X and an average of the offset 
value Y. and a ratio of averages of sensitivity, namely, a sensitivity average ratio (X/Y) are stored in a memory means 
41a. 

[0099] As described in the aforementioned equations 5 through 8, the azimuth data EX average and the azimuth 
40 data EY average, which are corrected by the offset value X average and the offset values Y average, are obtained. 

EX average = EX average - offset value X average (equation 1 0) 

EY average = EX average - offset value Y average (equation 1 1) 

45 

[0100] Further, the azimutii data EX average and EY average conrected by the sensitivity average ratio (X/Y) are 
obtained. 

EX average » EX average (equation 12) 

so 

EY average = EY average x sensitivity average ratio (X/Y) (equation 13) 

Azimuth angle data (p) is calculated from the two con-ected azimuth data EX and EY averages according to tiie follow- 
ing equation (step 8). 

55 

P = arctan (EY average / EX average) (equation 14) 

The steps hereinafter are tiie same as those in the flow chart of the azimuth measurement display in FIG. 4. and thus 
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the description thereof is omitted. . 
[01011 Here, instead of obtaining the sensitivity average ratio, a sensitivity 

Ss average is approximately equal with the sensitivity average ratio. Therefore, the sensitivity ratio average may be 

rslitSe equSn 13. As a result, in the case where a plurality of stepping motors exist, for example^ « 

sary to det^ or predict directions where the magnetic poles of the stepping motors face and thus measured a2.^ 

mis can be (irrected by using single or a small nunter of con-ecting values. As a result, this method 6 

advantageous. 

[The fifth embodiment] 

[0102] Fia 7 is a block diagram of an electronic wrist watch according to a fifth embodiment of the present inven- 

ro"o31 As shown in FIG. 7. an analog electronic wrist watch 70 with the azimuth meter includes the azimuth meter 
90. a watch circuit (electronic circurt) 80 and a single stepping motor 76 which are used for 'T^^fl^;!^ 
ing the magnetic north, watch hands which are driven by the stepping motor 76 via a tram wheel 78 are com^ 
of a second hand 75a used as azimuth needles, a minute hand 75b and an hour hand 75c. an azimuth measunng but- 
ton 72 which is operated when an azimuth is measured, and an azimuth register nng 73. 

[M Ml Here^nce the structure of an azimuth meter 90 is the s 

mtch circuit 80 of the present embodiment is different from the watch circuit 40 in the previous embed- 
ment as is dear from the comparison of FIGS. 3 and 7. Namely, the watch cir«.it 80 does not have a '^^oj^^^J^ 
field predicting means 42a. and has onlyasingledriver 86 asadriver for driving thesteppingmotor^^ 

circuit 80 has time azimuth display switching means 82 for switching connecbon between '^^^^^'^'^^ ^^^^ 
generating means 84 and the driver 86 or connection between a time display pulse generatng means 83 and the driver 
86 accoidina to a signal I from lime azimuth function control means 81. ^„ . • c,r« o 

[01061 -me portion of the watch circuit 80 which is different from the portion of the watch circuit 40 shown in FIG. 3 

ToI^n'^'^^J^e^S'time azimuth function control means 81 outputs a switching signal I ^^e time azimuth di^^ 
switcf^^ng means 82. the time azimuth display switching means 82 switches ttie connechon between the time di*l^ 
olteTa^erating m^ 83 and the driver 86 into the connection between the magnetic north display pulse generating 
mt^ S i5 tS S. The time azimuth function control means 81 transmits a second hand return-to-zero signal 
A to^e^onetic north display pulse generating means 84. and the driver 83 outputs a driving signal to the stepping 
J.So?76^^i to roCe Js^nd hand 75a. When the second hand 75a comes to the zero position. /eturrHto-zero 
signal generating means 89 outputs a signal L tothe magnetic north display pulse generating means 84 m rwnseto 
a detecting sigr«l from the train wheel 78 so as to stop the driving of the stepping motor 76. As a result the second 

S ^ 'SafteJ'^ azimuth is measured by using the second hand 75a as the azimuth needle, but the excHation 
of the azimuth needle and the correction are the same as those in the third embodiment. 

roiM] ^e Sm^^ measurement display method in the electronic wrist watch wil be descnbed below according 
to the embodiment of FIG. 7 using a flow chart of the azimuth measurement display in RQ. 8. 
T(^or^^^^^ri\t.e aziiWith measuring button 72 is pushed (step 2") in the time display state (step 1) of the 
analog electronic wrist watch 70 with the azimuth meter, the azimuth measurement is start^. 
[01 11] The connecting state of the driver 83 is switched by the time azimuth display switching means 82. and a rotor 
76a of the stepping motor 76 is rotated so that the second hand 75a is returned to zero (step S"). 

; [0112] The time azimuth function control means 81 outputs an azimuth sensor excitng sigr«l B *e «iimrth 
meter 90. A azimuth sensor 91 is excited (step 4") . and the azimuth meter 90 measures the azimuth (step 50 A detect- 
ing means 92 outputs the azimuth data EX and EY to the magnetic north display pulse gener^g 84^ 

The ^gnetic north display pulse generating means 84 corrects the azimutt, data EX and EY basedon the 
offset values and sensitivity ratio stored in memory means 81a (step O"). Here, since the procedure of the correction » 

) ttie same as that in tiie third embodiment, the desCTiption thereof IS omitted. , , 

[0114] The magnetic north display pulse generating means 84 creates a magnetic north display pulse G based on 
the corrected azimuth data EX and EY and it is outputted to the driver 83. As a result, the stepping motor 76 is drivai 
l!irofm1 ^^c north display pulse G. and the magnetic north is indicated b^ 

jrtieel 78 (stJP T)^^ ^.^^ measuring button 72 is pushed again (step SO wittiin magnetic north display time t (step 
8^ the time azlmutti function contiol means 81 outputs a second hand return-to-zero signal A to ^^^f Qpf^Lrn to 
display pulse generating means 84. and the magnetic north display pulse generating means 84 cutouts the r^urn-to- 
zero puise G to ttie driver 86. The stepping motor 76 retojm tiie second hand 75a to zero via the train wheel 78. The 
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time azimuth function control means 81 outputs the switching signal I to the time azimuth display switching means 82 
based on the return-to-zero signal Lfrom the return-to-zero signal generating means so as to return the magnetic north 
display to the time display (step 10'). 

[0116] When the magnetic north display time has passed t (step 8'), the time azimuth function control means 81 
s outputs the second hand return-to- zero signal A to the magnetic north display pulse generating means 84, and the 
magnetic north display pulse generating means 84 outputs the return-to-zero pulse G to the driver 86. The stepping 
motor 76 returns the second hand 75a to zero via the train wheel 78. The time azimuth function control means 81 out- 
puts the switching signal I to the time azimuth display switching means 82 based on the return-to-zero signal L from the 
return-to-zero signal generating means, and the display is returned from the magnetic north display to the time display 
10 (step 10'). 

[01 1 7] Here, the azimuth measurement is ended (step 1 1 

[0118] In the present embodiment, the second hand 75a as the azimuth needle is returned to zero before and after 
the azimuth measurement display, but If it is not returned to zero, the azimuth display and time display are possible. 

IS [The sixth embodiment] 

[0119] FIG. 9 shows still a sixth embodiment In this embodiment, an azimuth sensor 103 may be provided in an 
analog electronic wrist watch 100 with the azimuth meter so that a return-to-zero axis (12 o'clock direction) 102 of an 
azimuth needle 101 and an X axis of the azimuth sensor 103 form an angle of 106c. 
20 [0120] When the magnetic north display pulse generating means 44 (see FIG. 3) corrects the azimuth data EX and 
EY according to the angle 106c (in this case, the angle 106c is subtracted from an azimuth angle calculated from the 
azimuth data EX and EY), the return-to-zero axis 102 can be set in the azimuth angle of zero, and thus the azimuth nee- 
dle 101 can indicate the magnetic north correctly. 

[0121] According to the above-mentioned embodiment, since the azimuth sensor can be provided in an arbitrary 
25 position in the analog electronic wrist watch with the azimuth meter, the providing design of the azimuth sensor in the 
analog electronic wrist watch with the azimuth meter becomes easy. 

[0122] The present invention is not limited to the above-mentioned embodiments. The embodiments can be modi- 
fied variously within the applicable scope of the present invention. 

[0123] According to the present invention, since the azimuth sensor can be shielded effectively from the magnetic 
30 fields which are generated from the magnetized members represented by the battery and the drivers such as a motor 
by the magnetic screen and the devised provision of the azimuth sensor, an azimuth can be measured accurately by 
the azimuth sensor. 

[0124] In addition, since the battery is prevented from being magnetized by the external magnetic field and an influ- 
ence of the magnetism of the magnetized battery can be suppressed small, the providing position of the battery can be 
35 selected comparatively freely, and the circuit substrate is miniaturized so that the electronic apparatus with azimuth 
meter can be miniaturized. 

[0125] Further, since an influence of the leakage magnetic field generated from the driver such as the stepping 
motor upon the azimuth detecting output can be corrected, the analog electronic apparatus with the azimuth meter, 
which can make the accurate measurement even if an azimuth is indicated by the azimuth needle by using the driver 
40 and which can be easily seen and used and has excellent azimuth accuracy, can be realized. 

INDUSTRIAL APPLICABILITY 

[0126] The present invention can be widely applied to an electronic apparatus to which an azimuth sensor for 
45 detecting an azimuth of the earth magnetism by means of electrical means is provided, and can be applied also to not 
only an electronic wrist watch and clock but also a radio, a portable television, a portable communication equipment and 
the like. 

Claims 

so 

1. An electronic apparatus with an azimuth meter having an azimuth sensor for electrically detecting the earth mag- 
netism, characterized In that a magnetic screen for blocking off a magnetic field is provkled around a magnetized 
member provided in the electronic apparatus with an azimuth meter. 

55 2. The electronic apparatus with an azimuth meter according to claim 1 . characterized in that the magnetized member 
includes a battery. 

3. The electronic apparatus with an azimuth meter according to daim 2, characterized in that the magnetic screen is 
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provided both on an upper surface and a lower surface of the battery. 

4 The electronic apparatus with an azimuth meter according to claim 2 or 3. characterized In that the magnetic screen 
is formed by a material having high magnetic permeability which presents the battery from being magnetized by an 
external magnetism. 

5. The electronic apparatus with an azimuth meter according to any one of claims 2 through 4. characterized in that 
the magnetic screen is provided in contact with the battery. 

6 The electronic apparatus with an azimuth meter according to any one of claims 2 through 5. characterized in that 
the magnetic screen is mounted to a cover detachably provided on a surface of the eleclronic apparatus with the 
azimuth meter so that the battery can be inserted or removed. 

7. The electronic apparatus with an azimuth meter according to any one of claims 2 through 6. characterized in that 
the battery is a button type battery 

8. The electronic apparatus with an azimuth meter according to any one of claims 1 through 7, characterized in that 
the magnetized member includes a driver containing a magnet and the magnetic saeen is provided between the 
driver and the azimuth sensor. 

9. The eleclronic apparatus with an azimuth meter according to claim 8. characterized in that the magnetic screen 
made of a material having low magnetic permeability, which shields the azimuth sensor from magnetism of the 
magnet and does not prevent an operation of the driver, is provided between the driver and the azimuth sensor. 

10. The electronic apparatus with an azimuth meter according to any one of claims 1 through 9. characterized in that 
the magnetic screen is provided between the magnetized member and the azimuth sensor and is constituted as a 
circuit supporting plate for supporting a circuit substrate to which the magnetized member is mounted. 

11. The electronic apparatus with an azimuth meter according to any one of daims 8 through 10, characterized in that 
the azimuth sensor is provided so that a distance between the azimuth sensor and the battery is longer than a dis- 
tance between the driver, provided the closest to the azimuth sensor, and the azimuth sensor. 

12. An electronic apparatus with an azimuth meter having a battery, an azimuth sensor for electrically delecting the 
earth magnetism and a driver having a rotor composed of a magnet and a coil for driving the rotor, the azimuth sen- 
sor measuring an azimuth when the driver rests, characterized by comprising: 

time detecting means for detecting rotetion starting time of the rotor; 

predicting means for predicting rest time of the rotor from a rotetion starting signal detected by the time detect- 
ing means; and 

con-ecting means for correcting the measured azimuth according to the predicted result. 

1 3. The electronic apparatus with an azimuth meter according to any one of claims 1 through 7. characterized by com- 
prising: 

a driver having a rotor composed of a magnet and a coil for driving the rotor; 
an azimuth sensor for measuring an azimuth when the driver rests; 
time detecting means for detecting rotation starting time of the rotor; 

predicting means for predicting rest time of the rotor from the rotation starting signal detected by the time 
detecting means; and 

correcting means for correcting the measured azimuth according to the predicted result. 

1 4. The electronic apparatus with an azimuth meter according to any one of claims 8 through 1 1 . characterized by com- 
prising: 

an azimuth sensor for measuring an azimuth when the driver rests; 
time detecting means for delecting rotation starting time of the rotor; 

predicting means for predicting rest time of the rotor from the rotation sterling signal detected by the time 
detecting means; and 
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correcting means for correcting the measured azimuth according to the predicted result. 

1 5. The electronic apparatus with an azimuth meter according to any one of claims 1 2 through 1 4. characterized in that 
rotor magnetic field predicting means, for predicting the rest time of the rotor and a direction of a magnetic field gen- 

5 erated from the rotor based on the rotation starting signal detected by the time detecting means and a direction of 

a driving current flowing through the coil, is provided instead of the predicting means. 

16. The electronic apparatus with an azimuth meter according to any one of claims 12 through 1 5. characterized in that 
the correcting means selects arbitrary rest positions from rotor rest positions of the driver, and obtains offset values 

10 and a sensitivity ratio used for correcting a shift between azimuth data of the azimuth sensor and an azimuth of the 
eartii magnetism per selected rest position, and stores the offset values and the sensitivity ratio into memory 
means, and corrects the measured azimuths obtained by the azimuth sensor by making the measured azimuths 
have correspondence to the rotor rest positions using the offset values and the sensitivity ratio. 

75 17. The electronic apparatus with an azimuth meter according to any one of claims 1 2 through 1 5, characterized in that 
the electronic apparatus with the azimuth meter has a plurality of the drivers, and the correcting means obtains the 
offset values and the sensitivity ratio according to con^inations of magnetic poles In the rest positions of tiie rotors 
of the drivers, and stores the obtained offset values and the sensitivity ratio Into memory means, and corrects the 
measured azimuths by making the measured azimuths have conrespondence to the rotor rest positions using the 
offset values and the sensitivity ratio. 

The electronic apparatus with an azimuth meter according to any one of claims 1 2 through 1 5. characterized in tiiat 
the correcting means obtains tiie offset values and the sensitivities according to combinations of the magnetic 
poles, and averages the offset values and the sensitivities according to a number of combinations of the magnetic 
poles, and stores the average value of the offset values and the ratio of the average values of tiie sensitivities Into 
memory means, and corrects an average value of the measured azimuths in the combinations using the average 
value of the offset values and the ratio of tiie average values of the sensitivities. 

The electronic apparatus with an azimuth meter accorcling to any one of claims 12 through 1 5, characterized in that 
the offset values and the sensitivity ratios are obtained according to combinations of the magnetic poles, the offset 
values and tiie sensitivity ratios are averaged according to a number of the combinations of tiie magnetic poles, and 
an average of tiie measured azimuths in the combinations Is corrected by using the average values. 

The electronic apparatus with an azimuth meter according to any one of claims 12 through 19. characterized in that 
arithmetic means, for obtaining a sum or a difference of an azimuth angle measured on a basis of an X axis or Y 
axis of the azimuth sensor and an angle between tiie X axis and a return-to-zero axis of an azimuth needle, is pro- 
vided In order to set the return-to-zero axis of the azimuth needle of the azimuth sensor to an azimuth angle of zero. 

An azimuth measuring method of an electronic apparatus with an azimuth meter, the electronic apparatus including 
an azimuth sensor for electrically detecting the earth magnetism, a battery for driving respective drive units and a 
driver positioned In the drive units having a rotor made of a magnet and a coil for driving the rotor, the method char- 
acterized by comprising the steps of : 

measuring an azimuth by driving the azimuth sensor when the driver rests: 
predicting rest time of tiie rotor from rotation starting time of tiie rotor; and 
conrecting a measured azimuth. 

An azimuth measuring method of an electronic apparatus with an azimuth meter, the electronic apparatus including 
an azimuth sensor for electrically detecting the earth magnetism, a battery for driving respective drive units and a 
driver positioned in tiie drive units having a rotor made of a magnet and a coll for driving the rotor, tiie azimuth 
measuring method, characterized by comprising the steps of : 

measuring an azimuth by driving the azimuth sensor when the driver rests: 

predicting rest time of the rotor and a direction of a magnetic field generated from the rotor based on rotation 
starting time of tiie rotor and a direction of a driving current flowing through tiie coil; and 
correcting a measured azimuth. 

23- The azimutii measuring metiiod of the electronic apparatus with an azimuth meter according to claim 21 or 22, 
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characterized in that a determined rest position is selected from positions where the rotor of the driver offeet 
values and sensitivity ratio of the selected rest position are obtained, and the obtained offset values and the sena- 
tivrty ratio are stored in memory means, and the measured azimuth is corrected by making the measured azimuth 
have correspondence to the rest position of the rotor using the offset values and the sensitivity ratio. 

24. The azimuth measuring method of the electronic apparatus with an azimuth meter according to clam 22. charac- 
terized in that in the case where the electronic apparatus with the azimuth meter has a plurality of the drivers^e 
offset values and the sensitivity ratios are obtained according to combinations of magnetic poles in the rest posi- 
tions of the rotors of the drivers, and the obtained offset values and sensitivity ratios are stored in memory means 
and the measured azimuths are corrected by making the measured azimuths have correspondence to the rest 
positions of the rotors using the offset values and the sensitivity ratios. 

25. The azimuth measuring method of the electronic apparatus with an azimuth meter according to/'^"" 21 or22. 
characterized in that the offset values and the sensitivities are obtained according to the combinatons of the mag- 
netic Doles the offset values and the sensitivities are averaged according to a number of the con*inations of the 
magnetic pi)les. the average value of the offset values and a ratio of the average values of the sensitivity are stored 
in r^emory means, and an average of measured azimuths in the combinations is corrected by using the average 
value of the oHset values and the ratio of the average values of the sensitivity stored in the memory means. 

26 The azimuth measuring method of the electronic apparatus with an azimuth meter according to claim 21 or 22. 
characterized in the offset values and the sensitivity ratios are obtained according to the combinatons of the mag- 
netic poles the offset values and the sensitivity ratfos are averaged according to a number of the combinations of 
the imgnetic poles, and an average of the measured azimuths in the combinations is corrected by using the aver- 
age values. 

27. The azimuth measuring method of the electronic apparatus with an azimuth meter according to any one of claiire 
21 through 26 characterized in that a sum or difference of an azimuth angle measured on a basis of an X axis and 
Y axis of the azimuth sensor and an angle between the X axis and a retum-to-zero axis of an azimuth needle s 
obtained by arithmetk; in order to set the retum-to-zero axis of the azimuth needle of the azimuth sensor to an azi- 
muth angle of zero. 

28 The electronic apparatus with an azimuth meter according to any one of claims 1 through 20. characterized in that 
" the electronic apparatus with the azimuth meter is a watch and has a time hand or a function hand dnverj by the 
driver, and is provided with means for returning the time hand or the function hand to a predetermined position. 

29. The azimuth measuring method of the electronic apparatus with an azimuth meter according to any one of claims 
21 through 27, cheuacterized in that: 

the electronic apparatus with the azimuth meter is a watch and has a time hand or a function hand driven by 

me Sme^iand or the function hand is returned to a predetermined position, and the azimuth-measured azimuth 
by means of the azinruith sensor is conrected. 



14 



EP 1 024 345 A1 



FIG. 1 
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FIG. 3 
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